ABSTRACT. KRAS, also known as V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog, acts as an intracellular signal transducer. The oncogenic KRAS mutation is an essential step in the development of many types of human cancers, including hepatocellular carcinoma. Here we aimed to investigate the relationship between KRAS rs712 polymorphisms and hepatocellular carcinoma susceptibility. Five-hundred-and-fourteen participants were enrolled in a case-control study (262 cases and 252 normal subjects). The variants were distinguished using polymerase chain reaction-restriction fragment length polymorphism. Significantly increased HCC risk was observed to be associated with the T allele of the rs712 locus (P = 0.049, OR = 1.35, 95%CI = 1.01 -1.78). Further, HCC risk with the GT genotype (P = 0.015, OR = 1.64, 95%CI = 1.08-2.50) and the TT genotype (P = 0.015, OR = 2.56, 95%CI = 1.05-6.25) in a codominant model was significantly higher than that with the GG genotype. In a dominant model, significantly increased HCC susceptibility was also associated with T allele carriers (P = 0.006, OR = 1.75, 95%CI = 1.16-2.63). Moreover, we found that the frequency of the KRAS rs712 TT genotype was significantly higher in HBV-positive HCC patients than in HBV-negative HCC patients.
INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide and the third leading cause of cancer-related deaths (Jemal et al., 2011) . Because of the high fatality rates, the incidence and mortality rates are almost equal. However, half of the new cases and mortalities were estimated to occur in China. The high rates of HCC in China are largely due to the prevalence of chronic hepatitis B virus (HBV) infection (Guo et al., 2007; McGlynn and London, 2011) . Despite surgical or locoregional therapies, prognosis remains poor because of high tumor recurrence or tumor progression, and currently there are no well-established effective adjuvant therapies for HCC. The molecular biology of carcinogenesis and tumor progression in HCC has been increasingly understood with intense research in recent years (Owonikoko and Khuri, 2013) . Several important intracellular signaling pathways such as the Ras/Raf/mitogen-activated protein kinase/ extracellular-signal-regulated kinase pathway and phosphatidylinositol 3-kinase/Akt/mammalian target of rapamycin pathway have been recognized to be involved in HCC, and the roles of several growth factors and angiogenic factors have also been confirmed (Downward, 2003; McCubrey et al., 2008) . However, the molecular carcinogenic mechanism of HCC is still not fully understood.
The V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog (KRAS) is an effector molecule involved in many signal transduction pathways including mitogen-activated protein kinase, phosphatidylinositol 3-kinase, and Ral guanine nucleotide exchange factor pathways (Dunn et al., 2005; Lim and Counter, 2005; Castellano et al., 2013) . The mutation in the KRAS proto-oncogene is frequently detected in several cancers including HCC (Park et al., 2013a,b; Hou et al., 2014; Jung et al., 2014; Zou et al., 2014) . Recently, a genetic variant of rs712 in the 3'untranslated region of the KRAS gene has been reported to be functional in the regulation of KRAS by disrupting the complementary site of let-7 and miR-181 (Kumar et al., 2007; Wang et al., 2012; Kim et al., 2014) . The rs712 G allele altered the secondary structure of KRAS and resulted in 15% derepression in luciferase expression compared to that in the wild-type in HeLa cells (Kim et al., 2014) .
Previous studies have revealed that the KRAS rs712 polymorphism is associated with oral squamous cell carcinoma, gastric cancer, and colorectal cancer. To date, no report has been conducted to examine the association between the polymorphism and HCC risk. Therefore, in present study, we aimed to investigate the association between the polymorphism and HCC risk and its clinical features in a Chinese population.
MATERIAL AND METHODS

Subjects
The case-control study was performed on genomic DNA extracted from the peripheral blood of 262 newly diagnosed HCC patients with ages in the range of 23-88 years (mean ± SD: 53.26 ± 12.55) and 252 controls with ages in the range of 17-83 years (mean ± SD: 43.35 ± 12.86 ) after obtaining informed consent. The HCC patients were consecutively recruited from the Meishan People's Hospital between June 2012 and September 2013. All the subjects recruited were unrelated ethnic Han Chinese. None of the patients had received any medical treatments. Patients suffering from autoimmune hepatitis or toxic hepatitis; primary or secondary biliary cirrhosis or Budd-Chiari syndrome; other tumors except HCC; recurrence of HCC; and liver disease due to parasitosis, diabetes, fatty liver, metabolism disorders, and severe cardiovascular diseases. The diagnosis of these patients was confirmed by a pathological examination combined with positive imaging (magnetic resonance imaging and/or computerized tomography). Controls were cancerfree individuals selected based on data from a community nutritional survey. Written informed consent was obtained from all subjects participating in this study, and the study protocol was approved by the ethics committee of the hospital.
Genotyping
Genomic DNA of each individual was extracted from 200 µL EDTA-anticoagulated peripheral blood samples by a DNA isolation kit from Bioteke (Peking, China). The procedure was performed according to instruction manual. The selected genotypes of rs712 were analyzed using a polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) assay. The primers used for amplification were as follows: F: 5'-ATGACAGTGGAAGTTTTTTTTTCCTC-3' and R: 5'-GAATCATCATCAGGAAGCCCAT-3'. The PCR reactions were performed in a total volume of 25 µL, including 2.5 µL 10X PCR buffer, 1.5 mM MgCl 2 , 0.15 mM dNTPs, 0.5 µM each primer, 100 ng genomic DNA and 1 U Taq DNA polymerase. The PCR conditions were 94°C for 4 min, followed by 32 cycles of 30 s at 94°C, 30 s at 60°C and 30 s at 72°C, with a final elongation at 72°C for 10 min. PCR products of the polymorphisms were digested using specific restriction enzyme Taq I for 4 h at 65°C (New England BioLabs Inc; Beverly, MA, USA) and the digested PCR products were separated on a 6% polyacrylamide gel and stained with 1.0 mg/mL argent nitrate. About 20% of the samples were randomly selected for use in the repeated assays and the results were 100% concordant. The genotypes were confirmed by DNA sequencing analysis.
Statistical analysis
All data were analyzed using SPSS 13.0 (SPSS Inc, Chicago, IL). Genotype frequencies of rs712 were obtained by direct computing and were evaluated for the Hardy-Weinberg equilibrium by using the chi-square test. Genotypic association tests in a case-control pattern, assuming codominant, dominant, recessive, overdominant, or log-additive genetic models were performed using SNPstats (Sole et al., 2006) . Odds ratio (OR) and respective 95% confidence intervals were determined to evaluate the effects of any difference between alleles and genotypes. P values of 0.05 or less were considered to indicate statistically significant differences between patients with HCC and the controls.
RESULTS
rs712 polymorphisms were successfully genotyped in 262 HCC patients and 252 healthy control subjects. Genotype distributions of the polymorphisms in the cases and controls were consistent with the Hardy-Weinberg equilibrium. Allele and genotype frequencies are shown in Table 1 . Significantly increased HCC risk was observed to be associated with the T allele of the rs712 locus (P = 0.049, OR = 1.35, 95%CI = 1.01-1.78). Further, HCC risk with the GT genotype (P = 0.015, OR = 1.64, 95%CI = 1.08-2.50) and the TT genotype (P = 0.015, OR = 2.56, 95%CI = 1.05-6.25) in a codominant model was significantly higher than that with the GG genotype. In a dominant model, significantly increased HCC susceptibility was also associated with T allele carriers (P = 0.006, OR = 1.75, 95%CI = 1.16-2.63). Moreover, compared with the (GG + TT) genotype, the GT genotype was associated with a 1.51-fold higher HCC risk in an overdominant model (P = 0.05, OR = 1.51, 95%CI = 1.01-2.27).
To further evaluate whether the variant was associated with certain clinicopathologic features, we performed stratified analyses for genotype distribution and allelic frequency in HCC patients with different characteristics. As shown in Table 2 , we found that the frequency of the KRAS rs712 TT genotype was significantly higher in HBV-positive HCC patients than in HBVnegative HCC patients. N corresponds to the number of individuals. Bold-faced values indicate a significant difference at the P < 0.05 level. 
DISCUSSION
In this study, we investigated the association between the let-7 KRAS rs712 polymorphism and the risk of HCC in a Chinese population. Ours is the first study to report an association between the KRAS rs712 polymorphism and a significantly increased risk of HCC.
KRAS, also known as V-Ki-ras2 Kirsten rat sarcoma viral oncogene homolog, acts as an intracellular signal transducer. The oncogenic KRAS mutation is an essential step in the development of many types of human cancers including HCC (Lujambio and Lowe, 2012; Hou et al., 2014) . In recent years, miRNAs have been recognized as key regulators of cancer development, progression, and metastasis. The role of let-7, one of the first miRNAs to be discovered, has been extensively studied in almost all types of cancers. In addition, the expression of let-7b, -7g, -7i, -7d, -7a, -7c and -7eg/I was found to be lower in HCC cells than in normal hepatocytes, and overexpression of let-7g/i significantly inhibited cell proliferation and promoted cell apoptosis (Shimizu et al., 2010) , thus suggesting that the let-7 miRNA may be involved in the growth of HCC cells.
The human KRAS 3'UTR contains multiple putative let-7 complementary sites (LCS), which enables let-7-mediated regulation of KRAS activity. KRAS has been reported to be negatively regulated by the let-7 miRNA family. The KRAS LCS6 SNP has been intensively investigated as it disrupts the let-7 miRNA binding site, resulting in increased expression of KRAS (Chin et al., 2008) . Chin et al. (2008) were the first to report that the KRAS LCS6 variant allele was significantly associated with an increased risk of developing NSCLC among moderate smokers. Subsequently, the KRAS LCS6 variant allele was reported to confer an increased risk for breast cancer (Hollestelle et al., 2011) and triple negative breast cancer in families with the BRCA1 mutation (Paranjape et al., 2011) , but not for invasive epithelial ovarian cancer (Pharoah et al., 2011) . In this study, we detected the KRAS LCS6 variant in a Chinese population; however, no polymorphism was observed. Consequently, we focused on the KRAS LCS1 (rs712) SNP, which was observed to influence the susceptibility to gastric cancer, oral squamous cell carcinoma, and colorectal cancer.
Overall, our study has demonstrated that the KRAS rs712 polymorphism was associated with an increased risk of HCC and was related to the clinical features of the disease, suggesting that KRAS is a risk factor for HCC. Although the precise molecular mechanism remains unknown, we hypothesize the TT genotype may disrupt the let-7 binding site, leading to the abnormal expression of KRAS, which would finally increase susceptibility to HCC. There were still limitations in our study. One is the molecular mechanism is not involved in the study. Another is that our sample size is limited, further research focused on the different areas or populations should be carried out to verify our findings.
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